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Abstract

	 In this research, thin films of ZnO doped with Sn were prepared through the sol-gel method. 
The effects of Sn dopant on optical, morphological and structural studies were investigated. All of the 
films in this work showed favored orientation along the (002) plane, according to XRD analysis. It was 
observed by SEM analysis that the study Sn morphological and structural studies were investigated. 
From AFM  pictures it is clear that as the doping concentration rises, the size of the grains on the 
surface of thin films decreases.The existence of Zn, O and Sn was verified by the EDAX analysis. 
The Ultraviolet-visible spectroscope was utilized to examine the optical characteristics. That band 
gap increased with the dopant material percent increased.

Keywords: Structural, ZnO, Doping, Sol gel method, Spin coating, EDAX, 
AFM, UV–Vis spectroscopy.

Introduction

	 One of the most significant and promising 
materials is ZnO, which is used in a variety many 
fields of study, as a solar cell1 including gas sensors, 
laser diodes, thin film transistors, piezoelectric and 
optoelectronic devices2,3. There are several different 
ways to make ZnO thin films as RF/DC sputtering4, 
Pulsed laser deposition5, Spray pyrolysis6 and the 
Sol-gel method7. Among all of these processes, 
the sol-gel method is the most popular and draws 
a lot of research attention because its specific 
benefits, which include cheap cost, basic deposition 
equipment, ease of altering composition and dopant 

and the ability to fabricate large area films8. It has 
a stable hexagonal wurtzite structure and direct 
wide band gap 3.4eV n-type semiconductor with a 
high binding energy (60 meV) is zinc oxide (ZnO), 
which has an ambient temperature to exhibits good 
chemical and thermal stability9. The tetravalent 
metal dopants, such as silicon Indium10, Germanium 
(Ge), Aluminum11, Cobalt12, Tin13, Titanium (Ti)14 and 
others, are added to ZnO films to increase their 
conductivity. Sn is a beneficial material among these 
tetravalent metal dopants because it has good optical 
transmittance15. Recently, there has been extensive 
research into the hydrogen gas sensors properties 
of oxide (SMO) thin films. Hydrogen sensors 
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utilizing metal oxides like SnO2, TiO2, NiO, and ZnO 
demonstrate remarkable sensitivity, enabling rapid 
detection of trace amounts of hydrogen gas in the 
air16,17. A hydrogen sensor serves as a primary 
mechanism for early detection of hydrogen leakage 
and continuous monitoring of hydrogen status18. One 
of the most successful methods for increasing ZnO’s 
photo catalytic performance is doping with metal 
ions19,20. Sn Doping can increase the photo catalytic 
activity of ZnO by modifying its surface morphology, 
localized states and band gap21.

	 Therefore, in this study Undoped, 2% and 
4% Tin doped ZnO thin films were used by the spin 
coating method and their physical characteristics 
have been investigated in order to comprehend the 
impact of tin doping level, also study the structural 
properties and changes in optical properties, mainly 
the variation in the band gap. The Study of Sn 
doping interpretation, the surface morphology and 
roughness were also examined.

Experimental

Chemicals and Materials
	 Zinc acetate dihydrate, Tin chloride (SnCl₄), 
Solvent, Substrate as a glass slide, Annealing 
furnace, Magnetic stirrer and hot plate, Glass 
container, and characterization equipment.

Preparation of Precursor Solution
	 The creation of an aqueous Tin doped 
Zinc Oxide(SZO), 2M zinc acetate dehydrates and 
Tin Acetate {Sn(CH3COO)4} were dissolved in the 
solution 2-Methoxy Ethanol and HCL. Subsequently, 
Mono Ethanolamine (MEA) was incrementally 
into the solution as a stabilizing agent, with a Zinc 
Acetate dihydrate. While adding the proper quantity 
of tin chloride to a clear solution during a 4 h period 
at 60°C; the zinc precursor solution should be 
continually stirred. The [Sn4+]/[Zn2+] nominal ratio 
solution was Undoped, 2%  and 4% Sn-doped for  
24 h kept at room temperature. Then the solution 
was put onto the pre-cleared glass substrate, which 
was then spun for 35 seconds at room temperature 
at 2800 rpm. The solvent was then removed from 
the films by drying them over a hot plate for 8 min 
at 120°C following the procedure of spin coating 
deposition until the necessary film thickness for 
processing had been obtained, the process of drying 

was repeated. The generated multi layered ZnO films 
were annealed in a muffle furnace for about 2 h at a 
temperature of 550 0C.

Fig. 1. Experimental a research method of prepared 
Undoped, 2% and 4% Tin doped ZnO thin film

Result and Discussion

ZnO Thin Films structural characterization
	 Figure 2 depicts the evolution of the XRD 
structures for Undoped, 2% and 4% Tin-doped ZnO 
thin films. Cu Ka, radiation with l=1.5425 Ao inside 
the range from (20o to 80o) was used to create the 
XRD pattern. Compare peaks with JCPDS card no. 
04-008-8198. All of the observed peaks were found to 
be inside the structure of hexagonal wurtzite of ZnO. 
Undoped ZnO thin film is polycrystalline according 
to XRD patterns and the peaks with the highest 
intensities have been identified at 2q=31.64, 34.30, 
36.13, 47.43, 56.49, 62.73 and 67.83 at planes  
(1 1 1), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3),  
(1 1 2) accordingly, as indicated in Fig. 2. Furthermore, 
Sn doped ZnO thin films have showed the several Sn 
element related peaks that can be seen in undoped 
ZnO and demonstrate that all samples have the 
preferred direction in the (002) as seen in Fig. 2. 
This suggested that the Sn doping and ZnO lattice 
are closely linked. The appearance of new peaks at 
shorter distances is attributed to the formation of 
Zn-Sn (OH), resulting from an ion exchange process 
between HCL and chloride acid.22

	 Scherrer formula was used for the average 
crystalline size of the samples.

By Scherrer’s formula	
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D= 0.9l/bcos(q)	 (1)

Here:	

l  wavelength of X-ray diffraction(1.5425 Å),

q  Bragg diffraction angle, and b  Full width half 
maximum(FWHM).

	 Increased doping concentration results in 
a rise in the dislocation density (d). It is obvious that 
crystalline is declining because of the decline in 
crystalline size and the corresponding enhancement 
in other metrics (Dislocation density) with rising Sn 
dopant concentration24.

Fig. 2. XRD pattern for Undoped, 2% and 4% 
Sn-doped Zinc Oxide thin films

	 The XRD of Sn doped Zinc Oxide shown 
in Fig. 2 indicates a strong orientation of Sn peak 
(002) in the XRD pattern and other peaks (100), 
(101), (102), (110), (103) and (112) belongs to 
Zinc Oxide. These peaks well match with Compare 
peaks with JCPDS card no. 04-008-8198. The 
measured crystalline size changed as the Sn doping 
(0–4%) was varied shown in Table 1. It shown that 
Crystalline Size reduces significantly after Sn doping. 
The findings align with the Raman spectroscopy 
measurements depicted in the Fig. 3 and the Raman 
spectrum was acquired using a Raman Microscope 
with the literature23.

Fig. 3. Raman spectra graph for Undoped, 2% and 
4% Sn Doped ZnO thin films

Table 1: The XRD data of Undoped, Sn-doped 2% 
and 4% ZnO thin films

Sample name	 2qθ	 FWHM	 D(nm)	 d(Ao)	δ d*10-4 (nm)-2

Undoped ZnO	 34.44	 0.81	 1.78	 2.602	 3156
ZnO with Sn2%	 34.34	 0.99	 1.46	 2.609	 4691
ZnO with Sn4%	 34.37	 1.1	 1.31	 2.607	 7817

Surface Morphology for Sn-doped ZnO thin films
SEM Analysis
	 Figure 4 displays the surface morphology 
of Tin-doped ZnO thin films which were created at 
various dopant Undoped, 2% and 4% concentrations. 
According to the Sn concentration, each film has a 
distinct morphology as shown in the SEM images. 
All films had uniform and constant microstructures 
across the surface. 

Fig. 4. SEM pictures for (A) Undoped, (B) Sn 2% 
and (C) Sn 4% Zinc Oxide thin films

	 Additionally, when doping concentration 
grew, that change the density of the microstructure. 
We hypothesized that rais ing the doping 
concentration reduced the size of grain of Sn 
doping thin film and that tiny grain does not produce 
any pores. According to the author25 the observed 
spherical grain morphology which well match with 
our SEM photograph. The Crystalline size of the 
(002) peak at different Sn doping concentrations 
Undoped, 2% and 4% are 100.47nm, 95.76nm and 
84.66nm so when doping concentration increased 
grain size decreased.

AFM images
	 Figure 5 shows AFM pictures of the 
surface morphology that were produced at 
different solution volumes Undoped, 2% and 
4% Tin doped.Fig. 5 also displayed the surface 
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topographies of the spin-coated Zinc Oxide 
thin films in 2D and 3D. In this work the surface 
topography of the thin films sample may be 
investigate using the Atomic Force Microscope 
(AFM), which is a popular method.

Fig. 5 The AFM pictures of (A) Undoped, (B) Sn2% 
and (C) Sn4%-doped ZnO thin films

	 The SEM data carried out by us; suggest 
that raising the doping concentration caused 
a decrease the ZnO structures in a crystalline 
form and their surface roughness. The mean 
roughness of ZnO films having different Sn 
doping concentration Undoped, 2% and 4% are 
0.2059nm, 0.2030nm and 0.2023nm respectively. 
According to AFM images, the grain size and 
clusters on the surface of f i lms improved, 
when the doping concentration was raised the 
roughness decreased. Correspond to those 
reported in the literature26.

EDAX Spectrum
	 Sn doped ZnO films were elementally 
analyzed by Energy Dispersive Spectroscopy 
(EDS), is shown in Fig. 6 made at temperature 
550 0C. It revealed that the elements zinc and 
oxygen are nearly stoichiometrically present 
(56:41)%.

Fig. 6. Chemical composition of (A) Undoped, 
(B) Sn2% and (C) Sn4% doped ZnO films

	 The EDAX analysis of the Tin-doped 
ZnO thin films indicated the presence of Tin, 
Zinc and Oxygen. Sn-doped EDAX spectra 
Supplementary peaks relating to Sn, zinc and 
oxygen were observed in ZnO thin films. This 
research demonstrated Sn ion assimilation into 
the ZnO lattice. According to our conclusions, 
the Sn weight percentage was discovered to rise 
with an increase in Sn-dopant concentration.The 
glass substrate gave rise to the Si peaks in the 
EDAX spectrum.
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ZnO Thin Films Optical properties
	 This part specified all the foundations of 
mathematics for optical constants using UV-Vis 
measurements. The first parameter that is calculated 
by the method that follows is the absorption 
coefficient.27

a=2.303 (A/t)	 (2)

	 There a  Absorption coefficient, t   
thickness and A  absorbance.	

	 The Famous Tauc formula is applied to 

calculate the energy band gap value.28

(ahn)² =A (hn-Eg)n	 (3)

	 Where n is the index density of the states 
with A, h and v as the absorption Constant, Plank 
constant and Frequency respectively of incoming 
light and Eg is the energy gap.

	 Figure 7 displays the transmittance spectra 
(T) for Undoped, Sn2% and Sn4% doped ZnO thin 
films at different concentrations, all measured in the 
(280-600 nm) wavelength range.

Fig. 7. Transmittance spectra of Undoped, 
Sn2% and Sn4% doped ZnO thin films

Fig. 8. Absorbance of Undoped, Sn2% and 
Sn4% doped Zinc Oxide Thin films

	 According to Fig. 8 all of the samples 
absorbance peaks at short wavelengths around the 
visible spectrum's boundary of primary absorption. 
After that, it decreases for doped films with increasing 
wavelength. For doped ZnO films, the absorption spectra 
decrease with increasing wavelength. Using the values 
of the absorption coefficients the energy gap was 
calculated. Fig. 9 depicts the relation between (ahn)2 
and hn, where hn is the energy of the incident photon 
and  represents the optical absorption coefficient.

Fig. 9. Energy band gap of Undoped,Sn2% 
and Sn4% doped ZnO thin films

Table 2: Energy band gap value of Undoped, 
2% and 4% doped ZnO Thin films

     Sample	 Energy band gap(eV)

Undoped ZnO	 3.59 (eV)
ZnO with Sn 2%	 3.67 (eV)
ZnO with Sn 4%	 3.77 (eV)

	 The band gap for all samples determined 
using Eq. (3) was 3.59eV for undoped ZnO, 3.67eV 
for Sn 2% and 3.77eV for Sn 4% doped ZnO. The 
doped ZnO thin films observed band gap increased 
as mentioned in Table 2 and seen in Fig. 9 and similar 
behavior was observed that band gap increased with 
decreased XRD intensity by Jagavendra et al.,29. 
The efficiency of creating nano-scale devices using 
these materials is boosted as a result of the band 
gap increase.

Conclusion

	 In this study, the low-cost and straight 
forward sol-gel method has been used to synthesis 
Undoped, Sn2% and Sn4% doped ZnO thin films 
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in a variety of volume concentrations. Investigated 
were the effects of Sn concentrations on both the 
optical and structural characteristics of ZnO thin 
films. XRD studies discover the hexagonal structure 
of prepared Sn-doped and Undoped ZnO thin 
films. This outcome it in line with that of the SEM 
images, rice-like morphology was appropriate to all  
spray-provided ZnO thin films. According to AFM 
pictures, the grain size and clusters on the surface 
of ZnO thin films decrease the concentrations of 
dopants percentage increase. The band gap for all 
samples determined was 3.59eV for undoped ZnO, 
3.67eV for Sn2% and 3.77eV for Sn4% doped ZnO 
thin films marginally increased. We analyze that when 
the crystallinity decreased band gap value increased. 
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